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biaxial bending at normal temperature presented in [5], [6] and [7]. Parameters 1d / h , h , ydf , cdf , 
Ed ,ym , Ed ,zm and Edn shall be replaced with 1, fi fid / h , fih , sy ,f  , cd , fif , Ed ,y , fim , Ed ,z , fim and Ed , fin . 
Normalized interaction curves used in fire impact are similar to curves presented in [3] and [4];
- when 
za a and za a is using normalized curves for square columns, composed in this 
paper according to the proposed procedure; 
d)  proposed interaction curves can be applied to the determination of bearing capacity and the
calculation of the reinforcement; 
e) interaction curves can be used to design sections of columns, subjected to all-sides by 
standard fire exposure, according ISO834, or any other time heat regimes, which cause similar 
temperature fields in the fire exposed column;
f)  reinforced concrete sections design, by the simplified calculation method "Isotherm 
500°C", does not take into account the thermal expansion of material (concrete and reinforcing steel). 
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Abstract. In this paper we suggest a way how to determine the stiffness coefficient of the 
hydraulic liquid in a hydraulic cylinder under load and we also show its influence on the dynamical 
properties and behavior of the system “hydraulic cylinder– load”. 
Keywords: stiffness coefficient, hydraulic powered system, frequency response. 
INTRODUCTION. During the calculation of the parameters of the hydraulic powered systems 
the elastic properties of the liquid are usually ignored. In practice, a stiff system is most often required 
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because of the assumption that the hydraulic fluid is incompressible. The compressibility of a liquid 
may be ignored in systems that do not require tight control of response and where operating pressure 
and liquid volume are moderate.  
However, all liquids have some degree of compressibility. When applying high pressure to a 
large volume of liquid, a significant amount of energy can be expended to compress the liquid. The 
liquids, used in the hydraulics, are elastic bodies in terms of the Hook’s law when operating pressure 
is up to 60 MPa. 
The bulk modulus of elasticity [1] as the reciprocal of volume compressibility is an important 
property of the hydraulic liquids. Bulk modulus is a measure of a liquid’s resistance to 
compressibility.  The compressibility of a liquid has an influence on the speed of response and also on 
the whole dynamics of a given hydraulic system. 
The stiffness coefficient of a liquid is a measure of the resistance of an elastic material to 
compression. For an elastic element (liquid in cylinder) with a single degree of freedom, the stiffness 
is correlated with bulk modulus. We will use this relation to determine the stiffness coefficient of the 
hydraulic liquid. 
DETERMINATION OF THE STIFFNESS COEFFICIENT. The bulk modulus [2] K is the 
change of the pressure Δp which produces a relative change ΔV in the liquid’s volume V : 
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If we denote with F the magnitude of the acting force and with S the piston area in a hydraulic cylinder 
(fig.1) and apply  ∆p=F/S and that ∆V=S. ∆x, where ∆x is the value of the compression, we can define: 
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From Hook’s law the stiffness coefficient k is:  k=F/∆x and according to (2): 
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DYNAMICAL PROPERTIES. To study the its dynamical properties, we can represent the 
system “hydraulic cylinder – load” (fig.2) in the following way. We substitute the liquid’s amount 
under the piston with a linear spring with stiffness coefficient k; and we apply a dynamical forced 
disturbance Psin(ωt) and load with mass m to the piston rod. Thus we can write [3] the differential 
equation for the small vibrations using D’Alamber principle: 
 
 mgt)Psin(kyy  m  (4) 
                                               
 
 
 
Fig.1 Hydraulic cylinder 
(computational scheme) 
Fig.2 Hydraulic cylinder-load 
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If the frequency ω of the forced disturbance becomes equal to the natural frequency ωn 
(    
 
 
  ) , a  dynamical multiplication (resonance) will appear. This may damage the construction. 
The solution of the differential equation (4) is obtained for the following parameters: m = 10 t, 
P = 1000 N, ω = ωn = 42,2 s
-1
 , k= 17 MN/m .  
The stiffness coefficient k is determined for a hydraulic cylinder with a piston’s diameter D = 
0,1 m and stroke st = 0,5 m.  
The bulk modulus for the mineral oil with temperature t = 60 
o
C is K = 1,4.103 MPa. 
The solution (fig.3) shows the multiplication of the amplitude due to the resonance effect.  
 
 
Fig.3 The law of motion of the load in case of resonance 
 
The frequency response is the change of the amplitude A of the load in relation to the 
frequency ω of the disturbance force: A = f (ω). 
This function can be derived with Laplace Transformation of the equation (4). The transfer 
function of the system is: 
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where s is the Laplace operator. 
 
After substitution of s with iω (          ) we can define the amplitude A which is the 
modulus of the complex transfer function W(iω): 
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Equation (6) is the frequency response of the undamped system “hydraulic cylinder – load”. 
Figure 4 shows the graphical form of the frequency response for two loads with masses 10 t and 5 t, respectively 
 
 
Fig. 4 Frequency response of the undamped system “hydraulic cylinder – load” 
 
The values of the asymptotes are the natural frequencies for the each mass. 
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CONCLUSIONS. The stiffness coefficient of the liquid in a hydraulic cylinder can be defined 
using its elasticity in terms of Hook’s low.  
The stiffness coefficient of the liquid determines important dynamical characteristics of 
hydraulic powered systems. 
We recommend taking into consideration dynamical verifications, using the stiffness 
coefficient of the liquid, when calculating the parameters of hydraulic systems operating huge masses 
with hydraulic cylinders with large amounts of liquid. 
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